Abstract The goal of this paper is to review the current data documenting the advantages of robotic surgery over open or laparoscopic surgery. The aim of this study is to compare the complications and perioperative outcome of robotic surgery with open and laparocopic surgery, in gynecologic oncology. The terms radical robotic or robot-assisted hysterectomy in PubMed search lead to 41 references. We excluded one review of literature, ten studies with benign and malignant cases, eight cases reports, one letter to the editor. We kept the prospective studies and comparative studies (total abdominal hysterectomy (TAH) vs. total robotic hysterectomy (TRH), total laparoscopic hysterectomy (TLH) vs. TRH or TAH vs. TRH vs. TLH). The results are separated for endometrial cancers, early cervical cancers, pelvic and paraaortic lymph node dissections, radical parametrectomy and trachelectomy, and pelvic exenteration. The literature on robotic-assisted radical hysterectomy supports its safety and feasibility for the surgical management of early cervical cancer and endometrial cancer. However, the results of a phase III randomized clinical trial testing the equivalence of outcomes after laparoscopic or robotic radical hysterectomy with abdominal radical hysterectomy are expected.
Background
Total abdominal radical hysterectomy and total abdominal hysterectomy (TAH) has been the standard treatment for early stage cervical and endometrial cancer, respectively, for decades. Advances in laparoscopic instrumentation have made possible to safely perform hysterectomy and radical hysterectomy laparoscopically (total laparoscopic hysterectomy (TLH) and total laparoscopic radical hysterectomy (TLRH)), pelvic and aortic dissection, and even pelvic exenteration [1] The latest advance in laparoscopic instrumentation has been the development of robotic-assisted surgery. One advantage of the robotic system compared to laparoscopy is the dual lens, 12 mm laparoscope that provides vivid 3-D images. The other advantage is the intra-abdominal articulation of the micro-instruments 2 cm from the tip. These articulations serve the same function of the human wrist and greatly add in the ability to suture and tie knots, and improve tissue dissection. Total robotic hysterectomy (TRH) with lymph node dissection and total robotic radical hysterectomy have been described since 2005 [2] [3] [4] . Transperitoneal and extraperitoneal pelvic and aortic lymph node dissection have also been described [5] [6] [7] .
Methods

Objectives
Robotic surgery may overcome many of the difficulties associated with standard laparoscopic surgery of cervical and endometrial cancer. Improved vision, dexterity of instrumentation, and increased control of all instrumentation by the primary surgeon, may provide an advantage during unroofing and dissection of the distal ureter. The robotic-assisted laparoscopic surgery may also be advantageous during lymphadenectomy in some areas, cardinal ligament dissection, and suturing of the vaginal cuff.
However, although the advantages of robotic surgery seem obvious for the surgeon's comfort, the question of patient benefit is still open, considering that the major paradigm shift has been the advent of minimal invasive surgery in the field of oncology. Indeed, two levels of comparison are possible: robotic versus open surgery, robotic versus laparoscopic surgery. The goal of this paper is to review the current data documenting the advantages of robotic surgery over open or laparoscopic surgery.
Data source
A PubMed search has been carried out. The terms radical robotic or robot-assisted hysterectomy lead to 41 references. We excluded one review of literature, ten studies without distinction between benign and malignant cases, eight cases reports, and one letter to the editor. We kept the prospective studies and comparative studies (TAH vs. TRH, TLH vs. TRH or TAH vs. TLH vs. TRH).
Review methods
The evaluation of robotic radical hysterectomy should be complete, with the population characteristics, mean operative time, lymph node count, intra-and postoperative complications, conversion and transfusion rate, estimated blood loss, and length of stay.
Seventeen references were retrieved. Only studies clearly addressing the results by tumor site were included. Ten and seven papers were included for early cervical cancer and endometrial cancer, respectively.
Findings
Radical hysterectomy for early cervix carcinoma
Comparative studies are available (Tables 1 and 2 ). However, all were historical or open comparisons.
The first robotic hysterectomy was reported in 2005 [2] . Others authors published their early experience [3] [4] [5] [6] [7] [8] . Fanning et al. [9] performed robotic radical hysterectomies in 20 consecutive stage IA-IIA cervical cancer patients. Even though the operative time seems to be long compared to other series, Fanning concluded that the improved vision and intra-abdominal articulation of the robot provide an advantage in performing the most difficult steps of radical hysterectomy, such as unroofing and dissection of the distal ureter. A retrospective clinical review of 10 stage Ia2-Ib1 cervical cancer patients who underwent TRH was published by Kim et al. [10] in 2008. The authors concluded that TRH for selected early cervical cancer cases is feasible and associated with low morbidity. Oleszczuk et al. [11] described a technique of vaginal robot-assisted radical hysterectomy in a prospective study in 12 patients. For the authors, the complication rate is lower than in their own TLH series, but the patient number is still relatively small for such conclusions.
Lowe [12] recently published the first multi-institutional study of TRH for early cervical cancer. He summarized the referenced data on TRH as compared to the referenced literature on TLH, and concluded that several surgical outcomes (estimated blood loss, mean operative time, node retrieval, and hospital stay) are equivalent and may be superior in some aspects for patients undergoing a roboticassisted approach. For the authors, a background in laparoscopy was not a prerequisite to becoming a successful robotic surgeon but may shorten the learning curve in the adoption phase of robotics.
In 2007, a pilot case-control study designed to evaluate the feasibility and efficacy of TRH and bilateral pelvic lymph node dissection for early cervical cancer was reported by Sert et al. [13] . Seven consecutive patients were compared to eight patients treated by conventional TLH. There were no statistically significant differences observed in the two groups in regard of mean operative time, number of lymph nodes, and length of resected parametrial tissues whereas significantly less bleeding and shorter hospital stay were described in the TRH group. However, the small sample size results in a low power of the statistical conclusions in this study. Gradually, the casecontrol studies showed a larger number of cases [14, 15] . Ko et al. [14] published a TAH/TRH comparison. The mean operative time, estimated blood loss, and length of stay were significantly different with better results in robotic approach. In 2009, Maggioni [15] published a similar comparison with the same results.
Nezhat et al. [16] compared the intra-operative, pathologic, and post-operative outcomes of TRH to TLH in 13 and 21 patients with early stage cervical cancer, respectively. No statistical differences were observed regarding operative time (323 vs. 318 min), estimated blood loss (157 vs. 200 ml), and mean pelvic nodes count (25 vs. 31 ). There were no recurrences in either group with a mean follow-up time of 12 months in the robotic group and 29 months in the laparoscopic group. Their conclusion was that robotic radical hysterectomy appears to be equivalent to TLH with respect to operative time, blood loss, hospital stay, and oncologic outcome.
Boggess et al. [17] published a case-control study of robotic-assisted type III radical hysterectomy with pelvic lymph nodes dissection performed in 51 patients compared with 49 patients who underwent TAH. The results of this study demonstrate that TRH with pelvic lymph node dissection provides comparables, if not preferable, lymph node dissection over TAH. The robotic approach is associated with lower blood loss and shorter length of stay, in comparison with open approach. Of significant importance is the comparison of the complication rate that was seen in this study of TRH (7.8%) in comparison with the control cohort of TAH (16.3%). The authors give evidence that patients benefits that are associated with TRH and that experience with a laparoscopic approach is not necessary in moving to a robotic approach.
Magrina et al. [14] compared the TAH, TLH, and TRH: the results of this study are consistent with other studies [18] [19] [20] [21] , this study showed similar operating times for TRH and TAH, which were significantly shorter as compared to TLH. Two additional differences were noted between TRH and TLH patients: reduced blood loss among patients in the radical subgroup and a shorter hospital stay in the modified radical. Otherwise, laparoscopy and robotic groups compared favorably, and both offered greater patients benefits as compared to laparotomy patients.
Main results
In conclusion, the literature on robotic-assisted radical hysterectomy supports its safety and feasibility for the surgical management of early cervical cancer. Both robotic and laparoscopic radical hysterectomy have been shown to have advantages for patients over the open approach in terms of blood loss, blood transfusions, complications, and length of hospital stay, with the exception of prolonged operation. The available literature suggests that robotic technology may be associated with improved operative outcomes as compared to a traditional laparoscopic approach for radical hysterectomy but no randomized data has been published. Similar recurrence and cure rates have been reported when comparing the results of both techniques. Long-term follow-up data is not available at this time regarding recurrence rates and overall survival. The results of a phase III randomized clinical trial testing the equivalence of outcomes after laparoscopic or robotic radical hysterectomy with abdominal radical hysterectomy in patients with early cervical cancer are expected [22] .
Endometrial cancer staging
The first studies were comparative, with historical or open comparison. The open studies presented a low number of patients whereas the case-control studies presented some data with greater statistical power. Seven publications on TRH and endometrial cancer were selected. The results are presented in Tables 3 and 4 .
The first study on endometrial cancer robotic surgery is published by Veljovich et al. [23] in 2008. Analysis of this study suggests that robotic surgery offers the advantages of decreased blood loss and length of stay at the expense of longer operating times. The author anticipates that with more experience with the technology, he will decrease the robotic operative times. The additional 2 h to complete surgical staging is probably the result of low laparoscopic volume before initiating a robotic program.
Bell et al. [24] published a similar study. Data indicates that robotics or standard laparoscopic staging were about 1 h longer than laparotomy. These data are similar to several other investigators [25, 26] who compared standard TLH to TAH. The perioperative complications are significantly higher for laparotomy procedures than compared to robotic surgery. Furthermore, robotic surgery had resulted in fewer complications than standard laparoscopy [25, 27] . This data demonstrate a significant decrease in hospital stay for both TLH and TRH compared to TAH. The length of stay is directly related to the cost: in this study, both charge data and cost data rank laparotomy as the most expensive modality followed by robotic and laparoscopy.
The study published by Denardis et al. [28] included 56 patients with endometrial cancer who underwent TRH with lymphadenectomy. Robotics data were compared to 106 serially treated patients who were operated by TAH before robotic program. The results are similar to other studies, with a lower rate of perioperative complications, blood loss, transfusion rate, and length of stay. Mean operative time for the TRH cases was more than double that of the open cases, but the TAH mean operative time (79 min) is significantly less than that reported by others authors ranging from 102 to 220 min. Robotic assistance adds a minor amount of time with docking and undocking of the patient-side robotic platform.
Boggess et al. [29] noted a significant reduction in operative time as progress was made through the learning curve, such that the initial robotic surgeries for endometrial cancer required 214 min and the most recent published cases required only 163 min. In a comparative study of three surgical methods for hysterectomy with staging for endometrial cancer (TAH, TLH, and TRH), Boggess concluded that TRH with staging is feasible and preferable over TAH and may be preferable over TLH in endometrial cancer. Further study is necessary to determine long-term oncologic outcomes. Indeed, the TRH and TLH cohorts were comparable with respect to both conversions to TAH and perioperative complications. There were also significantly fewer postoperative complications, when compared with the TAH cohort and a clinically meaningful trend towards fewer post-operative complications, when compared with the TLH cohort. Unlike most studies, Boggess report an increase in the lymph node yield in the robotic cohort compared with both the TAH and TLH cohorts, and a shorter operating time in the robotic cohort, compared with the laparoscopic cohort. For the authors, this in part is due to optimization of port placement that requires a single docking of the robotic instrument and greater ease in overcoming anatomic barriers with robotic assistance, which allows for a more comprehensive lymphadenectomy, such as when obtaining the left periaortic lymph nodes. In the Boggess experience of 103 patients, the surgeons have optimized the port placement to require docking of the robot only once to complete the entire procedure, lymphadenectomy and TRH, thus simplifying the operation, decreasing operative time, and making it more generalizable.
Average estimated blood loss for the TRH group was three times less than that seen in the TAH group and one half that of the TLH group. Patients in the TRH group had a shorter length of stay, when compared with both the TAH and TLH groups. From a clinical standpoint, the estimated blood loss and length of stay results from both the TLH and TRH cohorts were excellent. However, the surgeons in this study had extensive previous laparoscopic experience and still saw significant improvements after the implementation of the robotics program.
In 2009, Hoekstra [30] report the impact of a new robotic surgery program on perioperative outcomes. Median operative time for robotics and laparotomy was significantly less than for laparoscopy. There was no significant difference in lymph nodes yields between the three groups. TRH was associated with significantly less blood loss and lower complication rates compared to the TAH group. Practice management of endometrial cancer transitioned from a predominantly open approach (5.6% TLH, 94.4% TAH) to laparoscopy (11% TLH) and robotics (49% TRH) within 12 months.
The first multi-institutional experience [31] with TRH for endometrial cancer has been recently published by Lowe. The strength of this study is that it allows for analysis and evaluation of data from multiple institutions with surgeons of various levels of experience and expertise The remarkable element of this study [32] is the varying degrees of prior laparoscopic experience among the surgeons before they adopted robotics into their practices. This data suggest that robotic technology may level the playing field between the novice and expert minimally invasive surgeon when applied to complex operations such as endometrial cancer or early cervical cancer staging. Based on these data, the authors feel confident that a strong background in laparoscopy is not a requirement to becoming a successful robotic surgeon.
In that report such as the study of Bell [24] , the cost of robotic system was included in the cost analysis for robotic surgery. The total average cost was reported as follows: TAH, $12,943; TLH, $7,569; and TRH, $8,212. There was no statistically significant difference in costs between robotic and laparoscopic approach (p=0.06). Both minimally invasive approaches cost significantly less than an open approach (p=0.001). However, robotics was associated with less perioperative morbidity and quicker return to normal activity.
Seamon published [33] recently the Ohio State University's experience in TRH for endometrial cancer. The data are similar to precedent studies in term of mean operative time, lymph nodes count, perioperative complications, estimated blood loss, and length of stay. The remarkable element of this study is the report of robotics learning curve. Robotics may offer a shorter learning curve for minimally invasive surgery. When compared with laparoscopy, the robotics platform enables the surgeons to more readily transfer open techniques to a minimal-access setting. For robotic hysterectomy pelvic aortic lymphadenectomy for endometrial cancer, proficiency for Seamon is approximately 20 cases. The most surgeons learning robotic surgery have experience with laparoscopic endometrial cancer staging: unlike the learning curve for laparoscopy [32, [34] [35] [36] in which there is a decreased number of lymph nodes as well as an increased estimated blood loss noted during the initial adoption of the procedure, Seamon did not find a statistically significant difference in the robotic outcomes. The authors noted a significant improvement in times, as experience increased, without compromise in comprehensive staging.
Pelvic and paraaortic lymph node dissection, transperitoneal approach Laparoscopic pelvic and paraaortic lymph node staging is widely used in patients with advanced cervical cancer prior to initiation of primary chemoradiotherapy [37] [38] [39] [40] .
An extended pelvic and paraaortic lymphadenectomy can reliably and safely be performed robotically in the management of gynecological malignancies. The robot aids in performing a meticulous dissection and in adhering to sound oncologic principles. For the robotic approach data are available [28, 41, 42] for both pelvic and paraaortic lymphadenectomy performed during staging procedure for endometrial, cervical, or early ovarian cancers. Data are available [37, [43] [44] [45] for the laparoscopic approach in terms of safety and feasibility.
The relatively low yield of robotic paraaortic lymphadenectomy with the robot as well as the difficulty of reaching the para-aortic nodes above the inferior mesentery artery must be noticed. No study showed an increased count of lymph nodes in robotic approach in comparison with laparoscopic approach and no randomized data has been published.
Paraaortic lymph node dissection, extraperitoneal approach
Extraperitoneal paraaortic laparoscopic lymphadenectomy is preferable to reduce the risks of adhesions prior to chemoradiotherapy and for obese patients where the transperitoneal approach is sometime impossible. Vergote [46] reported recently on five patients with stage IIb-IIIb cervical carcinoma undergoing robotic retroperitoneal paraaortic lymphadenectomy. For the authors, the procedure was technically easier to perform than with the classical retroperitoneal approach. However, it should be noted that the authors limited the template of dissection to the lower paraaortic area. The number of paraortic lymph nodes removed ranges from 7 to 12, the operating time ranges from 60 to 139 min with one intraoperative complication. In comparison, during a laparoscopic extraperitoneal lymphadenectomy [37] , the average duration is 125.9 min and the average number of lymph nodes is 20.7, which is much higher. It must be recalled that the left paraaortic supramesenteric area can be involved alone in cervical and ovarian cancers [47, 48] . Only papers [49] referring to full aortic dissection are potentially relevant.
The main difficulty of robotic approach is the accessibility in one docking to infra-and supra-mesenteric lymph nodes. According to the preliminary experience of Vergote [46] , we believe the da Vinci robot offers advantages due to the steady 3-D visualization, instrumentation with articulating tips that allow for 7°of movement surpassing the human hands mobility, and in addition if needed a downscaling of the surgeons movements without tremor increasing the accuracy and precision.
Narducci et al. [49] published recently their early experience of robotic-assisted laparoscopy for extraperitoneal paraaortic lymphadenectomy up to the left renal vein. Five patients had a left para-aortic lymphadenectomy and one patient had a complete para-aortic lymphadenectomy. The da Vinci surgical system was positioned at the right shoulder of the patient and the assistant stood on the patient's left side. With this position, infrarenal lymph node dissection has been performed by robotic-assisted laparoscopy. The authors concluded that the technique was safe and effective with a short learning period for an experienced oncological team.
Radical parametrectomy
Robotic radical parametrectomy is an option treatment for patients with undiagnosed cervical cancer discovered incidentally on a simple hysterectomy specimen. Traditionally, radical parametrectomy has been performed by laparotomy with few cases described by laparoscopicassisted vaginal or total laparoscopic approach [50, 51] .
Ramirez [52] reported the first five patients treated by robotic radical parametrectomy and pelvic lymphadenectomy. The median operative time was 365 min, estimated blood loss was 100 ml, the median number of pelvic lymph nodes was 14, and there were no conversion to laparotomy. There were two postoperative complications (vesicovaginal fistula and lymphocyst) and one intraoperative complication (cystostomy). The authors concluded this operation is feasible and safe and can be performed with an acceptable complication rate.
Radical trachelectomy
In women with early cervical cancer to preserve fertility, this operation is well established [53] [54] [55] [56] and considered to be as safe with laparoscopic pelvic lymphadenectomy. The first report of a robotic radical trachelectomy for fertility sparing in stage Ib1 adenocarcinoma of the cervix was published by Person et al. [57] , who reported two cases of robotic radical trachelectomy and pelvic lymphadenectomy performed in two nullipaurous women with early cervical cancer. The duration of the surgeries was 387 and 358 min, respectively. No perioperative complications were observed. The conclusion of Person was that robotic radical trachelectomy is a safe and feasible alternative to a combined laparoscopic and vaginal approach.
Geisler and Burnett [58, 59] published another case with similar results.
Pelvic exenteration
Minimally invasive surgery may improve the outcome of patients with bulky residual tumors after chemoradiation for locally advanced cervical cancer, and for lateral pelvic wall recurrence. In case of central pelvic recurrence after surgery and adjuvant radiation treatment, pelvic exenteration is the only therapeutic approach with curative goals. The laparoscopy-assisted vaginal pelvic exenteration is feasible [60] with curative intent in selected patients.
Pruthi et al. [61] recently described the technique of robotic-assisted laparoscopic anterior pelvic exenteration performed in 12 women for clinically localized bladder cancer. In all cases, the urinary diversion was performed extracorporeally. Mean operating time was 4.6 h and the mean surgical blood loss was 221 ml. There were two postoperative complications (17%) in two patients.
Conclusions
Potential benefits of robotic technology include 3-D, highdefinition optics, instrumentation that allows increased range in motion, precision and scaling, and surgeon autonomy. The mean operating time is longer than laparoscopy but decreases after a short learning curve, even for surgeons with no experience in advanced laparoscopic surgery [12, 31] . One of the favorable effects of the introduction of robotic surgery has been to lead open surgeons to adopt minimal invasive techniques.
However, robotic surgery is basically laparoscopic surgery. Training in standard laparoscopic surgery is definitely required for several reasons: (1) for simple procedures, the cost of robotic surgery is not acceptable; (2) the robot may not be available any time; (3) in case of technical failure, conversion to standard laparoscopic is preferable to conversion to laparotomy; and (4) the assistant must master the spatial orientation characteristic of laparoscopic surgery-that means that the surgeon cannot leave alone this requirement.
The question of the patient benefit and cost-effectiveness of robotic surgery in centers with prior large laparoscopic experience is still open. The results of a prospective randomized trial comparing abdominal, laparoscopic, and open surgery by surgeons equally experienced in all techniques are needed.
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